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The pulmonary carcinogenicity of arsenic trioxide (As) alone and in combination with 
benzo[a)pyrene (BP) was studied in male Syrian golden hamsters given 15 weekly intratra¬ 
cheal instillations. The animals were divided into four groups: As, BP, As 4 BP, and 
controls. At each instillation about 3 mg/kg body wt as arsenic and/or 6 mg/kg body wt of 
BP was administered. All groups received a carrier dust (charcoal carbon) , which increased 
the lung retention of arsenic, as well as sulfuric acid. Carcinomas of the larynx, trachea, 
bronchi, or lungs were found in 3, 17, and 25 of 47, 40, and 54 animals examined in the As, 
BP, and As 4 BP groups. No respiratory tract carcinomas were found in 53 control animals. 
The incidence of pulmonary adenomas, papillomas, and adenomatoid lesions was markedly 
higher in the As group than in the control group (P c 0.01). Taken together the data provide 
strong evidence that arsenic trioxide can induce lung carcinomas. Furthermore, there was 
some evidence of a positive interaction between arsenic and BP in relation to adenomatous 
lung tumors, which could be of importance for the synergism between arsenic and smoking 
observed in smelter workers. 


INTRODUCTION 

Exposure to inorgaijic arsenic compounds has been associated with an in¬ 
creased incidence of cancer, predominantly in the respiratory system. Epidemi¬ 
ological investigations of arsenic-exposed copper smelter workers and workers 
engaged in the production of arsenic-containing pesticides have often revealed 
positive dose response relationships (Lee and Fratimeni, 1969; Ott ei al., 1974; 
Pinto el al., 1977; Mabuchi et al., 1980). Recently, a multiplicative interaction. 
has been indicated between occupational arsenic exposure and smoking in rela¬ 
tion to lung cancer among smelter workers (Pershagen el al., 1981). 

Attempts to induce tumors in laboratory animals with inorganic arsenic com¬ 
pounds have mostly failed. Only few studies have, however, involved exposure 
by the pulmonary route. Ishinishi et al. (1977) found indications of a synergism 
between arsenic trioxide and benzo[n]pyrene for lung cancer in rats exposed via 
intratracheal instillations. No malignant lung tumors were noted in animals given 
arsenic trioxide only. In a later study Ishinishi et al. (1980) observed one squa¬ 
mous cell carcinoma among a total of 19 rats surviving an exposure of 15 weekly 
intratracheal instillations of arsenic trioxide. Ivankovic et al. (1979) found malig¬ 
nant lung tumors, predominantly adenocarcinomas, in 9 of 15 rats surviving a 
single intratracheal instillation of a mixture of calcium arsenate, copper sulfate, 
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and calcium oxide. The control animals, in which no pulmonary carcinomas ap- 
peared, received an intratracheal instillation of 0.9% saline only and conse 
quently a detailed evaluation of the role of arsenic for the carcinogenic cffec; 
cannot be made. In a recent study Rudnay and Brozsonyi (1981) were able to 
increase the frequency of lung tumors in mice by a combined prenatal and post 
natal subcutaneous exposure to arsenic trioxide. No detailed histological descrip¬ 
tion of the tumors was given, but apparently both adenomas and adenocarcinoma 
occurred. 

An increased frequency of chromosomal aberrations has been observed among 
workers exposed to inorganic arsenic compounds as well as in patients taking 
arsenic-containing drugs (Petres et al, 1977; Nordenson et al, 1978). In humfi 
lymphocytes exposed to arsenite in vitro increased rates of chromosomal aber¬ 
rations and sister chromatid exchanges have been demonstrated (Nordenson h 
al., 1981, Andersen et al,, 1982). Inorganic arsenic is apparently not mutagen| 
in bacterial tests (Lofroth and Ames, 1978; Rossman et al, 1980), although sotne 
conflicting evidence exists (Nishioka, 1975). There are indications, both in bap 
teria and human cells, that arsenic may interfere with DNA-repair mechanism^ 
raising the possibility of a cocarcinogenic effect (Jung, 1971; Rossman et at 
1977). I 

The purpose of this study was to investigate the carcinogenicity of arsenj 
trioxide in an experimental system which has often b^en employed succesfull| 
i.e., intratracheal instillation in hamsters together with a carrier dust. A possibi 
cocarcinogenic role was also tested by simultaneous exposure to benzo[alpyre|| 
(BP) in some animals. Carbon dust was used as carrier in view of its enhancemejj 
of the lung retention of BP following an intratracheal instillation (Henry a|| 
Kaufman, 1973) and it was shown also to increase the retention of arseA* 
trioxide. Furthermore the animals were exposed to sulfuric acid because suii^ 
dioxide and sulfates often occur in smelters together with arsenic. A 

MATERIALS AND METHODS | 

Chemicals. BP and charcoal carbon were obtained from Sigma Chemical 
Saint Louis, Missouri, arsenic trioxide (As 2 0 3 ) and sulfuric acid from MeiA 
ChemicaJien, Darmstadt, Federal Republic of Germany, and sterile 0.9% sodijM 
chloride from Apoteksbolaget, Stockholm, Sweden. The certified purity of 
arsenic trioxide, and sulfuric acid was 95, 99.5, and 96% respectively. X-rff 
fluorescence analysis (Sjostrand, 1977) of the carbon dust showed that the ctfflf 
centrations of antimony, chromium, nickel were below 40 mg/kg. The contends 
polyaromatic hydrocarbons was also low, i.e., below 1 mg/kg (Stenberg and 
berg, 1981). The particle size of the carbon dus t was determined by microscopi^ M 
examination. Forty percent of the particles were below 1 ixm; 38%, 
pm; 14%, 2.0-2.9 pm; 5%, 3.0-3.9 pm; and 3% above 4 pm. 

Animals. Outbred male Syrian golden hamsters from the Wennergren Instio^jjt 
Stockholm, Sweden, were used and the animals were 7-9 weeks old at the simT 
of the experiment. They were housed in plastic cages, one animal per cage fijSt 
the twenty-fifth week of the experiment, at a room temperature of 2 PC aijwST 
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relative humidity of 50%. The floor of the cages was covered with wood chips, 
certified not to contain pesticide residues (Anticimex, Sollentuna, Sweden). The 
animals were given a rabbit and guinea pig maintenance feed (Ewos, Sodertalje, 
Sweden) enriched with sunflower seeds, wheat grain, corn, and dried carrots. 
Til p water was available ad libitum. 

Exposure. The animals were exposed by the intratracheal instillation m ethod. 
The technique was basically the same as used by Saffiotti et al. (1968) and has 
been described previously (Pershagen et al., 1982). The animal was anesthetized 
by an intraperitoneal injection of a 1% solution of Brietal (Lilly, Indianapolis, 
[nd.) al a dose of 50 mg/kg body wt. It was then placed on its back on a slanted 
board hanging in its upper incisors and given via the mouth an instillation with 
the dust suspension into the lower part of the trachea with a special syringe. 

Carcinogenicity test. The animals were divided into four exposure groups: As, 
BP As + BP, and controls containing 67, 50, 90, and 68 animals, respectively, 
at the start of the experiment. Prior to exposure the As and BP dusts were ground 
together with the carbon dust in a mortar for 15 min and suspended in the saline 
solution containing 2 mM sulfuric acid. At each of 15 weekly instillations a total 
volume of about 0.15 ml was given, containing 3 mg of the carbon dust. 
Throughout the experiment the doses of arsenic and BP were controlled by par¬ 
allel instillations into glass flasks. The BP dose was chosen from earlier experi¬ 
ments to produce lung cancer in some, but not all, of the animals (Saffiotti et al., 
1972a). The arsenic dose was approximately 50% of the LD 50 dose after a single 
intratracheal instillation (Pershagen, 1982). 

The doses of arsenic and BP in the carcinogenicity test are shown in Thble 1. 
At each instillation a dose of 0.24 mg (as As) was given of arsenic trioxide and 
0.45 mg of BP to animals weighing 70-80 g, he., about 3 and 6 mg/kg body wt, 
respectively. The exposure doses were adjusted to the weight of the animal at 
each instillation. 

The animals were'observed daily and killed when moribund. Detailed histo- 
pathological examinations were performed on coded samples of the larynx, tra¬ 
chea, bronchi, and lungs as well as of other tissues showing macroscopic abnor- 


TABLE l 


Exposure Doses to Arsenic Trjoxide (As) and BP at Each or 15 Weekly Intratracheal 


Instillations of Hamsters" 


Weekly exposure dose 6 


(mg ± SD) 


Exposure group 

AsjOj 

BP 

As 

0.25 ± 0.03 

— 

BP 

— 

0.44 ± 0-16 

As + BP 

0.23 ± 0.07 

0.45 ± 0.12 

Control 

— 

— 


“ Animals of all exposure groups received 3 mg carbon particles and 0-03 mg of sulfuric acid at 
each instillation. 

* At a weight of the animal of 70-80 g (see text). Doses of arsenic trioxide are expressed as arsenic. 


fcvrC 


2 - 




PM3001119264 


Source: https://www.industrydocuments.ucsf.edu/docs/jgxk0001 



230 


PERSHAGEN, NORDBERG, AND BJORKLUND 


malities in animals dying after the 15-wcek exposure period. The tissues were 
fixed in 10% formalin, embedded in paraffin, and stained with hematoxylin-eosin. 

Lung retention study. The effect of a carrier dust on the lung retention of 
arsenic was studied using the same exposure technique and doses of arsenic 
trioxide, charcoal carbon, and sulfuric acid as in the carcinogenicity test. The 
exposures were given at four weekly instillations. Five animals were sacrificed 
immediately following the first instillation, and another five 1 week after two 
weekly instillations. Four animals were sacrificed 1 week after four instillations 
and three after another week. The arsenic content in lung was determined in all 
animals, and the concentration in liver and hair in the animals sacrificed 1 week 
after two weekly instillations. 

A comparison can be made with tissue concentrations of arsenic from a study 
of a similar design but which did not include the use of a carrier dust for arsenic 
trioxide (Pershagen et at, 1982). The arsenic dose at each instillation in this 
experiment was about 0.3 mg. The analysis of arsenic in the tissues were per¬ 
formed using identical procedures in the two studies. 

Chemical analysis. The method for arsenic analysis has been described earlier 
(Pershagen ct al., 1982). The tissue samples were digested in an acid mixture and 
arsines were produced by addition of sodium borohydride. Arsenic was deter¬ 
mined by a Perkin Elmer 303 atomic absorption spectrophotometer with deu¬ 
terium background correction. The content of BP in the glass flasks, instilled 
simultaneously with the animal exposures, were determined spectrophotometri- 
cally at 389 nm (SP6, Pye Unicam Ltd, Cambridge, United Kingdom). 

Statistical analysis. The computation of tumor probabilities was performed as 
suggested by Saffiotti et al. (1972b). Significance testing in the carcinogenicity 
study was made according to Peto et al. (1980), with the use of different methods 
for fatal diseases (e.g., carcinomas of the respiratory tract) and incident diseases 
(e.g., pathological lung lesions). These methods control for differences in lon¬ 
gevity between the treatment groups. The tissue concentrations of arsenic were 
compared with the Wilcoxon rank sum test and P values of 0.05 or less were 
regarded as significant. 

RESULTS 

Table 2 shows the number of animals and survival in the different exposure 
groups. The mortality during the exposure period differed between the groups. 
It was highest in the As + BP group (38%) and lowest in the BP group (16%/ 
The deaths usually occurred in connection with the instillations, often at the firs 
instillation of an animal. After the 15-week exposure period the survival was 
similar in the different groups, with the exception of a tendency toward longer 
life span among the animals in the As group. 

In Table 3 is shown the number of pathological lesions and carcinomas of t 
larynx, trachea, bronchus, or lung as well as tumors of other organs in anim s 
dying after the fifteenth experimental week in the different exposure groups- 
Carcinomas of the larynx, trachea, bronchus, or lung were found in 3, 17, ao 
25 of the 47, 40, and 54 animals examined in the As, BP, and As + BP groups 
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TABLE 2 

Survival of Male Hamsters Given 15 Weekly Intratracheal Instillations of Arsenic 

Trioxide (As) and/or BP 


As 

BP 


iosure 

oups 

Initial 
No. of 
hamsters 





Survivors at experimental week 





t5° 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 


67 

48 

48 

43 

39 

35 

31 

24 

21 

17 

17 

15 

7 

4 

1 

0 


50 

42 

42 

36 

32 

27 

24 

16 

12 

10 

7 

6 

3 

1 

0 


+ BP 

90 

56 

53 

48 

41 

37 

32 

27 

22 

19 

12 

8 

3 

1 

0 


ntrol 

68 

53 

48 

47 

33 

27 

25 

19 

16 

13 

9 

9 

7 

0 




o Animals dying after the fifteenth week were examined histologically. 
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Mo malignant tumors of the respiratory tract were observed in 53 animals in the 
control group. In animals of all four groups tumors in other organs were seen, 
predominantly lymphosarcomas and sarcomas. 

Figure 1 depicts the probability of observation of a carcinoma in the larynx, 
trachea, bronchus, or lung at the death of an animal in the As, BP, and As + BP 
groups. The time of occurrence of the tumor as well as the number of animals at 
risk has been taken into consideration. There is no difference in the occurrence 
of carcinomas between the BP and As + BP groups. In the As group one car¬ 
cinoma appeared in an animal dying after 66 weeks and the two other after 102 
and 113 weeks, giving a P value of 0.07 (one tailed) by comparison with the 
control group. 

The pathological lesions and carcinomas in the trachea, bronchi, and lungs are 
further specified in Table 4. In the larynx, trachea, and bronchi the pathological 
lesions include papillomas and adenomas; in the bronchioli adenomatoid lesions 
were also seen (cf, Saffiotti et al, 1968). The pathological lesions, not including 
carcinomas, were more common in each of the exposed groups than in the control 
group (P < 0.01, excluding all animals dying at a higher age than the oldest control 
animal). Among the pathological lung lesions, adenomas and papillomas were 
most frequent in the BP and As + BP groups, while adenomatoid lesions dom¬ 
inated among the As-treated animals. 

From Table 4 it can also be seen that adenocarcinomas in the bronchi and lungs 
were the most common malignant tumors in the BP and As + BP groups. Some 
squamous and mixed adenosquamous carcinomas also appeared in these groups. 
If adenomatous tumors are taken together (i.e., adenomas, adenocarcinomas, and 
adenosquamous carcinomas) there seems to be a higher incidence in the As + 
BP group than in the BP group. This difference is statistically significant for the 
adenomas (P = 0.02) but not for the malignant tumors (P = 0.2). 

The three carcinomas of the respiratory tract in the As-treated animals were 
of different morphological types, which showed no unique features in comparison 
with the carcinomas observed in the BP and As + BP groups. One, a squamous 
cell carcinoma developed in the larynx (Fig. 2) and the two other in the lung, i.e., 
a bronchiolar adenocarcinoma (Fig. 3) and bronchiolar small cell anaplastic car¬ 
cinoma (Fig. 4). Both the adenocarcinoma and the anaplastic carcinoma had a 
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dicentric origin and were located in all lung lobes. The adenocarcinoma was 
macroscopically as greyish white firm nodules a few millimeters in diameter, 
.oscopically, it was dominated by gland-like structures with mucous produc- 
,, but solid masses of undifferentiated cells without mucous were also seen. 

anaplastic carcinoma, which could be detected only after microscopical ex- 
lination, had a uniform appearance and consisted of small polygonal cells in 
jd masses infiltrating bronchiolar and surrounding alveolar tissue, 
figure 5 shows the arsenic concentrations in lung, liver, and hair of hamsters 
gyen weekly intratracheal instillations of arsenic trioxide with or without carbon 
|u|t. In animals sacrificed 1 week after two weekly instillations the lung concen- 
tBitions are higher in animals receiving arsenic trioxide with the carbon particles 
((jiean: 5.9 mg As/kg) than without the carrier dust (mean: 0.81 mg/kg). On the 
other hand, the content of arsenic in liver and hair (mean: 0.3 and 4 mg/kg, 
respectively) was similar in the two groups. The high arsenic concentrations in 
lung were further sustained 1 and 2 weeks after four weekly instillations in the 
animals treated with arsenic and carbon. 


DISCUSSION 

.V 

In spite of strong epidemiological evidence on the pulmonary carcinogenicity 
of inorganic arsenic among smelter workers, conclusive evidence from experi¬ 
mental studies is lacking (Pershagen, 1981). In the present study arsenic trioxide, 
which is the most common arsenic compound in smelters, has for the first time 
|cen tested in intratracheal instillations to hamsters together with a carrier dust. 
Xhree carcinomas of the respiratory tract occurred among the arsenic-treated 
animals and none in the control group treated with the carrier dust only. Although 


BP 



Experimental week 

Fig. 1. Probabilities for observation of a carcinoma in the respiratory tract at death of hamsters 
given intratracheal instillations of arsenic trioxide and/or BP. 
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TABLE 4 

Respiratory Tract Lesions in Hamsters Given 15 Weekly Intratracheal Instillations op 
Arsenic Trioxide (As) and/or BenzoMpyrene (BP) a 





Exposure group 



As 

BP 

As + BP 

Control 

Larynx and trachea 

Papilloma 

4 

11 

6 

3 

Adenoma 

1 

1 

I 

0 

Carcinoma, squamous cell 

1 

I 

1 

0 

Carcinoma, anaplastic 

0 

0 

1 

0 

Bronchi and lungs 

Papilloma 

2 

1 

0 

1 

Adenomatoid lesions 

16 

9 

9 

2 

Adenoma 

1 

3 

12 

1 

Carcinoma, squamous cell 

0 

5 

4 

0 

Carcinoma, adenocarcinoma 

I 

9 

16 

0 

Carcinoma, adenosquamous 

0 

1 

4 

0 

Carcinoma, anaplastic 

1 

1 

0 

0 


° In a few animals two lesions occurred simultaneously, e.g., papilloma of ihe trachea and adeno¬ 
carcinoma of the bronchus and lung (cf, Thble 3). 


* 

these carcinomas do not constitute a statistically significant increase, the higher 
incidence (P < 0.01) of papillomas, adenomas, and adenomatoid lesions in the 
arsenic-treated animals supports the conclusion that the carcinomas were not a 
chance finding. The number of these lesions is generally increased in groups of 
hamsters exposed to carcinogens giving rise to an increased frequency of malig¬ 
nant lung tumors (cf, BP and As + BP exposure groups in this study; Saffiotti 
et al., 1972a, b; Henry et al., 1973; Stenback and Rowland, 1979). 

A further support for the findings comes from the fact that no carcinomas in 
the respiratory tract were seen in a group of 49 male hamsters from the same 
colony as the animals in the carcinogenicity test, treated identically to the ham¬ 
sters in the control group (Pershagen, 1982). The animals were exposed l year 
earlier than the animals in the carcinogenicity test and were followed during their 
whole life span with detailed histopathological examination of death. If these 
hamsters are also included in the analysis the three carcinomas in the group of 
arsenic-treated animals become statistically significant (P = 0.01, one-tailed test). 
It should be noted that the difference in survival between the arsenic animals and 
the control animals is taken into consideration in the computation of the P value 
(cf, Peto et al., 1980) and that none of the lung carcinomas in the arsenic-treated 
group appeared in an animal dying at a higher age than the oldest animal in the 
control group or in the group given the same treatment as the control group 1 
year earlier. 

The retention time in the lungs of BP is of importance for the carcinogenic 
response (Henry and Kaufman, 1973; Henry et al., 1973). Increased pulmonary 
retention of BP may explain the potentiating effects by various metal dusts on 
BP carcinogenieity (cf, Nordberg and Andersen, 1981). The high tumorigenic 
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Fjc. 5. Arsenic concentration in lung, liver, and hair of hamsters given weekly intratracheal in¬ 
stillations of arsenic trioxide with or without carbon dust. (Bars indicate ± 1 SD.) Animals at Week 0 
were killed immediately following the first instillation; other animals were killed 1 or 2 weeks after 
an instillation (see text). 


activity of chromium and nickel compounds of low solubility in relation to soluble 
forms (Norseth, 1978), indicates that the lung retention may be a crucial factor 
also for carcinogenic metals . It is of interest that high concentrations of several 
metals, as well as of arsenic, have been found in the lungs of dead smelter workers 
many years after cessation of occupational exposure (Brune et al., 1980). This 
group of smelter workers also had a high risk of lung cancer, which was related 
to the arsenic exposure (Axelson et al., 1978; Pershagen et al., 1981). In the 
present study the l ung retention of arsenic was enhanced by the use of a earner 
dust (charcoal carbon), whic h may have influenced the cancer resp onse,. Arsenic 
trioxide given without a carrier dust is rapidly cleared from the lung in relation 
to some arsenic compounds of low solubility also occurring in the occupational 
environment, i.e., arsenic trisulfide and calcium arsenate (Inamasu et al., 1982; 
Pershagen et al., 1982). The study by Ivankovic et al. (1979), discussed in the 
Introduction, indicates that calcium arsenate might be a potent pulmonary car¬ 
cinogen. Further carcinogenicity tests in laboratory animals exposed via the pul¬ 
monary route should be performed with arsenic compounds of low solubility. 

There are indications of a positive interaction between BP and S0 2 for *h e 
induction of lung carcinomas in experimental animals (Laskin et al., 1970). In the 
present study sulfuric acid was given at the instillations of all groups and it cannot 
be excluded that it modified the response to both arsenic trioxide and BP. 

In a preliminary study of rats exposed at 15 weekly intratracheal instillations 
Ishinishi et al. (1977), found indications of a synergism between arsenic trioxide, 
as well as two arsenic containing dusts, and BP for the development of pulmonary 
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carcinomas. Only adenomatous tumors were found in animals receiving the ar¬ 
senic dusts without BP. In the groups given BP as well as one of the arsenic dusts 
the majority of the tumors were squamous cell carcinomas. The small number of 
animals and a high mortality during the exposure period, also in the control group, 
makes the interpretation of the results difficult. In other experimental systems 
no signs of a positive interaction between inorganic arsenic and polyaromatic 
hydrocarbons have been detected, i.e., by oral administration or skin application 
0 f arsenic trioxide, potassium arsenite, and sodium arsenate combined with skin 
painting with dimethylbenzanthracene (Baroni et al., 1963; Boutwell, 1963). In 
0 ur study simultaneous exposure to arsenic trioxide and BP did not result in an 
increased incidence of carcinomas in the respiratory tract. If, however, adeno¬ 
matous tumors only are considered there seemed to be a positive interaction 
between arsenic and BP. In this context it is worth noting that the lung tumors 
observed in the previously mentioned carcinogenicity tests with arsenic trioxide 
and calcium arsenate were predominantly adenomatous (Ivankovic et al., 1979; 
Rudnay and Borzsonyi, 1981). 

In view of these experimental findings it is of particular interest that a predom¬ 
inance of adenocarcinomas has been found among arsenic-exposed smelter 
workers with lung cancer (Wicks et al., 1981). An increased proportion of pul¬ 
monary adenocarcinomas was also indicated in a similar group of workers 
(Newman et al., 1976) but not in other arsenic-exposed smelter workers (Axelson 
et al., 1978). The numbers were too small in these two studies to permit any firm 
conclusions. 

A multiplicative interaction between arsenic exposure and smoking in relation 
to lung cancer has recently been found among smelter workers (Pershagen et al., 
1981). No detailed histopathological analysis of these carcinomas has yet been 
performed. It is possible that an interaction between arsenic and polyaromatic 
hydrocarbons or other tumor initiators may have contributed to the findings in 
the smelter workers. This may be mediated by the effect of arsenic on DNA 
repair, which has been indicated in different experimental systems (Jung, 1971; 
Rossman et al., 1977). It would be of interest to further elucidate the histological 
picture of lung carcinomas among different groups of arsenic-exposed workers. 

In conclusion the results of this study provide strong evidence that arsenic 
trioxide can induce lung carcinomas. The use of a carrier dust enhanced the lung 
retention of arsenic, which may have increased the tumor response. Sulfuric acid 
was also administered and might have played a role. There was some evidence 
of a positive interaction between arsenic trioxide and BP in relation to adeno¬ 
matous lung tumors which suggests that this mechanism may be of importance 
for the synergism between arsenic exposure and smoking in smelter workers. 
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